Understanding forest fire dynamics is becoming increasingly important as scientists, policy makers, and the public grapple with wildfires every year. Wildfires bur as much as 3.5 million ha annually in the US (NIFC 2003) , and fire seasons during the past two decades have been among the most severe and costly on record in western North America. The causes and consequences of these fires remain the subject of considerable discussion. Some experts argue that decades of fire suppression, resulting in extensive and unnatural buildup of fuels, are to blame, while others suggest that variation in climate, particularly the occurrence of persistent and severe drought, is largely responsible.
Each view is correct with respect to some fire events and some ecosystems, but natural fire regimes and human impacts on those regimes are complex and variable from place to place. Furthermore, the interaction between climate change and fire may potentially be as important as the direct effects of global warming on forests (Dale et al.
2001). Thus, as policy makers and managers develop and implement measures to reduce future wildfire damage, it is
In a nutshell: * Many norther conifer forests such as those in Yellowstone National Park are characterized by natural stand-replacing fires that are infrequent but severe * Climate is the primary driver of stand-replacing fire regimes, while variation in fuels is less important * Disturbances of this type and magnitude may influence plant population structure, genetics, and evolution * Spatial heterogeneity resulting from this type of fire is the rule, not the exception * Fires and fire regimes are not all the same, and a "one size fits all" approach to wildfire management is likely to be misguided In order to understand the 1988 Yellowstone fires, it is necessary to consider the broader context of fire regimes. Natural forest fire regimes vary widely, yet this complexity is often overlooked and underappreciated. The distinction between natural understory fire regimes and stand-replacing fire regimes is particularly important (Brown 2000). Understory fires bum at relatively low intensity and are typically characterized by short return intervals (from years to several decades). These fires bum along the ground, consuming woody fuels and understory vegetation, reducing tree regeneration, and maintaining an open forest structure. Historically, understory fire regimes dominated the once extensive long-leaf pine (Pinus australis) forests of the southeaster coastal plain, the open ponderosa pine (Pinus ponderosa) forests of the southern Rocky Mountains, and the ecotone between the forest and the prairie biomes. Because these low-intensity fires can be readily suppressed, many areas of the US that had been characterized historically by an understory fire regime experienced increased fuel buildup and connectivity during the 20th century, raising the risk of high-intensity, stand-replacing fires. In these areas, past fire suppression is a major factor contributing to the increased occurrence and severity of wildfire (Covington and Moore 1994; Allen et al. 2002).
Recent wildfire mitigation programs at national and state levels have focused on forests formerly dominated by understory fire regimes. Unfortunately, some of these programs have failed to take into account that fire plays a very different role in many other forest types. Northern and subalpine conifer forests are typically characterized by infrequent, high-severity fires that kill most of the canopy, either via intense surface fire or flames spread through the crowns of the trees. Fire return intervals are long, ranging from about 60 years in jack pine (Pinus banksiana) to several centuries in some spruce-fir (Picea, Abies spp) communities. Stand-replacing fire regimes dominate the extensive boreal forests of North America, Europe, and Asia, as well as the forests of the northern Rocky Mountains, including YNP (Turner and Romme 1994). Climatic conditions, particularly severe regional drought, set the stage for occasional years of extensive conflagrations, and these few large fires account for most of the cumulative area burned over a long period of time between the three geographic locations of our study patches. We discovered that our three "replicate" locations had unexpectedly captured a strong and previously undescribed gradient in pre-fire serotiny (Table 1) Third, natural processes restored scattered, irregular plant cover and composition in the finding aspen seedli burned area quite rapidly, with no dele-lowest probabilities I terious consequences observed (Romme and Turner in press). Thus, active post-fire rehabilitation is probably not needed, and may even be counterproductive. For example, exotic plant species introduced deliberately to expedite revegetation may retard forest recovery. The CWD created by the 1988 fires played an unexpected role in the establishment of new aspen clonesa role that never would have been recognized had the park quickly salvaged the fire-killed trees. Finally, episodic largescale disturbances may play a key role in the population structure, genetics, and evolution of long-lived clonal plant species such as aspen and many forest floor herbs. Continuing research on the effects of the 1988 Yellowstone fires will lead to additional insights and new surprises about the dynamics of systems characterized by stand-replacing fire regimes.
